Introduction
The goal of this guide is to provide information to help Pacific Northwest landowners and land managers through the process of establishing native oaks (Quercus spp.). Although none of the treatments or techniques mentioned here are mandatory for planting oak seedlings, they are all designed to increase the chance of success. This guide is primarily aimed at restoration plantings, from hundreds to thousands of seedlings, but most of these techniques also can be used by a landowner interested in planting oak on a much smaller scale. Additional information sources are listed at the end of the guide.
Oak in the Pacific Northwest
Oak woodlands, savannas, and associated prairies provide a unique habitat in a region dominated by conifer forests. Oak trees are an important structural component in these unique communities that are home to birds, mammals, reptiles, amphibians, invertebrates, and numerous plant species ( fig. 1 ). Acorns produced by the oak trees provide a food source for a variety of animals. Oak trees also benefit from animals, as establishment of Oregon white oak (Quercus garryana Dougl. ex Hook.) in new areas occurs primarily through acorn caching by Steller's This guide focuses on Oregon white oak, a deciduous tree also known as Garry oak, because it is the most common oak species in the Pacific Northwest and the only oak species native to northern Oregon, Washington, and British Columbia. In southern Oregon, California black oak (Quercus kelloggii Newberry) and canyon live oak (Quercus chrysolepis Liebm.) also occur.
1 Much of the technical information presented here may also be of use to those working with the latter two species.
Where Does Oregon White Oak Occur Naturally?
The native range of Oregon white oak extends from southern California to British
Columbia. In the Pacific Northwest, it is most common in the lowlands west of the Cascade Mountain range, although it also occurs east of the Cascades, particularly in the vicinity of the Columbia River Gorge. Owing to its tolerance of extreme soil conditions, as well as its adaptation to fire, Oregon white oak historically occurred on sites where other tree species could not survive. In addition to prairie and savanna sites where it tolerated regular burning, Oregon white oak also grows on sites prone to winter flooding and on sites that experience harsh summer drought. It is found on a wide variety of soil types, ranging from deep riparian soils in the Willamette Valley to shallow soils on dry, rocky outcrops.
Oregon white oak has the potential to grow on a wide range of sites, but west of the Cascades, it cannot compete for sunlight with taller, faster-growing conifers such as Douglas-fir ( fig. 2) . East of the Cascades, oak is found on drier forest sites where it is able to more successfully compete with conifers. Oregon white oak is tolerant of shade when young, but after it grows beyond the seedling stage, it becomes shade intolerant and cannot survive long term without direct sunlight. If an Oregon white oak tree is overtopped and shaded by adjacent trees, its vigor will decline and its limbs will begin to die. There are numerous locations throughout western Oregon and Washington and southwestern British Columbia where oak trees are dying or already dead because they have become overtopped by conifers and do not receive the direct sunlight that they require. Thus, one of the major obstacles to establishment of Oregon white oak is competition from other trees.
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The current extent of Oregon white oak has been heavily influenced by human activity. Native peoples promoted oak through frequent burning and also transported acorns to new locations. The occurrence of oak within its range was then 
Planting Density
To estimate the desired tree spacing for a restoration planting, it may be helpful to visit natural oak stands similar in density to the one that is to be established. It also may be helpful to measure the distance between trees in these stands. Densities of natural stands range dramatically from savannas with a few scattered oaks to oak woodlands with a complete canopy of oak trees. Spacing is typically uneven in natural stands; clumps and gaps are common. As long as seedlings are not planted on a grid, their arrangement will probably not be distinguishable from a natural one once the trees begin to mature. Alternatively, if a management objective is eventual timber production, uniform spacing and relatively high density at planting is preferable. Close, uniform spacing is likely to produce taller trees with longer boles (i.e., trunks), and wider and irregular spacing encourages development of broad, spreading crowns and relatively short boles ( fig. 4 ). Figure 4-These oak seedlings were planted near the edge of an existing stand, in a random arrangement. Planting density is relatively high, in anticipation of natural mortality.
Warren Devine
No matter how much effort is put into an oak planting, it is realistic to expect that some of the seedlings will die. 
Where to Get Oak Seedlings

Nursery Seedlings
Native bareroot and container-grown oak seedlings are produced by an increasing number of commercial nurseries in California, Oregon, Washington, and British Columbia. Some of these nurseries also carry larger seedlings, saplings, and even small trees. Usually, the price of quality nursery seedlings is less than it would cost to grow them yourself. Seedling prices differ depending on size, age, and whether they are sold in a container or bareroot. Native oak seedlings are in high demand; therefore, it is important to begin contacting nurseries well in advance of when the seedlings will be needed.
Most nurseries will have several seedling stock types available. These may include bareroot seedlings (grown in a nursery bed), plugs (seedlings grown in narrow containers), and containerized seedlings (sold in their pots). Seedlings of different ages may also be available, price increasing with age. Owing to natural genetic variation throughout a species' range, oak seedlings may grow best if they are planted in the same region from which the acorns were collected (e.g., the Puget Sound Area, the Willamette Valley, the Columbia River Gorge).
The most important thing to look for in a seedling is a good root system. In addition to one or more thick taproots, the seedling should have a large number of small lateral roots ( fig. 5 ). These small roots provide greater surface area and increased soil contact when a seedling is planted. Better root-soil contact increases the seedling's ability to uptake water and thus improves its early growth and its chance of survival. If a seedling has only a few small roots growing from its taproot, it will probably not perform well during the first few years, and it may not survive. For bareroot seedlings, it is particularly important that they have many small roots because this additional root-soil contact helps alleviate the stress that the seedling undergoes during its first year after planting. It also is important to Figure 5 -An ideal root system has numerous small roots that provide good root-soil contact (above); a poor-quality root system has few of these small roots (below). 
Growing Oaks From Acorns
Some people choose to grow their seedlings from acorns. This can be a rewarding experience, but it will take 2 years before the seedlings are large enough to plant.
Raising seedlings also requires diligence throughout the summer to ensure that they are adequately watered.
To grow seedlings, acorns should be collected in September or thereabouts, when they are yellow to brown and beginning to separate from their caps. Acorns still attached to the tree are preferable because they are usually in better condition than those on the ground. If acorns must be collected from the ground, they should be collected as soon as possible after falling. The most obvious sign that an acorn has insect damage is a tiny round hole created by weevils when the larvae exit the acorn. A standard test to cull damaged acorns is to soak the acorns in water for 24 hours just before planting them. The ones that float are much more likely to have insect damage; those that sink are usually sound. Of those that sink, larger acorns generally produce larger seedlings.
The easiest way to grow oak seedlings is in containers. Regardless of what the container is made of, it should be at least 12 inches (30 cm) tall, but it doesn't necessarily need to be wide (3 to 4 inches [8 to 10 cm] in diameter is sufficient). Initially, containers may need to be covered with a piece of screen to keep small animals Figure 6 -Without proper root management, container-grown oak seedlings can become "root-bound." In this case, the "bound" portion of the taproot will need to be pruned off before planting because it is too thick to be straightened.
from digging up the acorns. Conventional pots can be problematic when growing oak seedlings because the seedlings' roots tend to circle when they reach the base of the pot, causing the seedling to become root bound. Some manufacturers sell pots that are designed to "air prune" the roots and prevent this problem. These pots are shaped to direct the roots toward a large opening at the base of the pot. When the downward-growing roots reach this opening, they meet an air gap and stop growing; this prevents root binding and promotes the formation of additional roots away from the bottom of the pot. An alternative solution is to use containers that have no bottom, such as milk cartons with the bases removed or sections of tube or pipe.
Any grooves or ridges should run parallel to the length of the container to promote downward root growth; perpendicular grooves could cause roots to circle. Place the bottomless container on a mesh screen so that the soil does not escape ( fig. 7 ).
Below the mesh should be an air gap: the screen should not lay directly on another surface.
A standard potting soil mix or a combination of potting mix and natural soil may be used. Potting mixes are lighter, easier to work with, and provide ideal rooting conditions, but they usually do not contain the species of symbiotic fungi (mycorrhizae) that naturally grow on oak roots in their native environment. Thus, seedling growth may benefit from the addition of soil containing these fungi. From an oak stand or other forested area, collect soil, including all of the small roots that are in it, from within a few inches (centimeters) of the surface (mycorrhizae are usually invisible to the naked eye). A small handful of this soil can then be added to each pot at planting.
Oregon white oak acorns are ready for planting in the fall as soon as they are collected and soaked in water for 24 hours. Place the acorns on their side and cover them with about ½ inch (1 cm) of soil. A taproot will begin to grow within a few weeks, and a shoot will appear in spring. Any acorns that have not germinated after 1 to 2 months can be discarded and replaced with stored acorns at that time.
Acorns can be stored under refrigeration for 3 months or more, but the likelihood of germination and mold growth increases over time. To store acorns, dry them, place them in plastic bags, and refrigerate. For longer storage, rinse acorns in a 5-percent bleach solution first, and ensure that the refrigerator is set as close to 33 °F (1 °C) as possible.
After acorns are planted in containers, the soil should be checked regularly, particularly during summer months, to ensure that it does not become too dry.
When the containers are irrigated, ensure that the soil is saturated throughout, although the pots should not rest in standing water. Seedlings should be fertilized regularly throughout the growing season. After the first summer, some seedlings may appear large enough to plant; but in the long run, survival and growth rates will be higher if the seedlings are grown for 2 years before they are planted in the ground.
When to Plant Oak Seedlings
The best time to plant oak seedlings is after rains have moistened the soil in the fall and before temperatures begin to warm in early spring. When a seedling is planted in fall or winter, rather than in spring, its roots have more time to become established and it will have a better chance of surviving its first summer. An experiment showed that seedlings planted by the end of February had greater root growth by the beginning of summer compared to seedlings that were planted later in the spring. Seedlings planted in the fall have even more time to become established.
If planting in fall, first dig a hole at least as deep as the planting hole and feel the soil to ensure that there has been enough rainfall to moisten it. Spring plantings can be just as successful as earlier plantings, but there is a greater chance that summer irrigation will be necessary owing to the fact that seedling root systems may not be as well established before the soil dries out in the summer.
The Planting Process
Small-scale plantings are often done by hand, but large-scale plantings in soil that is rocky or difficult to dig requires a large number of planters or a powered auger.
An advantage of using a powered auger is that the soil can easily be loosened to a greater depth than would normally be achieved with hand tools. This allows the seedlings' roots to more quickly grow into deeper soils that retain more moisture in summer.
Begin planting by using a shovel, mattock, or other tool to remove any vegetation from the immediate vicinity (within about 6 to 12 inches [15 to 30 cm]) of the planting spot. Then, dig a planting hole several inches (centimeters) deeper and several inches wider than the seedling's root system. Depending on soil type and personal preference, a shovel or post-hole digger may work best. If the excavated soil is temporarily placed on a tarp or plastic sheet, less soil will be lost before it is time to backfill. If planting a containerized seedling that is root-bound, prune off any bound portion of the taproot. If a circled taproot is planted, growth will be severely hampered. If a bareroot seedling has a thick cluster of small roots, gently spread these apart.
Hold the seedling in place with the root collar (the point where the taproot becomes the stem) just below ground level, so that you can backfill around the roots. For bareroot seedlings, the roots should dangle freely and should not be bent ("J-rooted"). Backfill the hole, creating direct contact between seedling roots and moist soil; this contact is vital to the seedling's survival. When backfilling the hole, be aware that the deeper the hole is, the more the soil is likely to settle. Pack the soil firmly. If the soil is very rocky, additional topsoil should be taken from a nearby location to avoid backfilling the hole with a large number of rocks. The root collar of the planted seedling should be at, or slightly below, groundline.
On dry sites, it may be beneficial to create a shallow basin around the seedling at the time of planting. This will help to direct rainwater or irrigation water toward the seedling. A basin can be made by simply creating a slight depression 1 to 2 feet (30 to 60 cm) in diameter and optionally adding a low berm 2 to 3 inches (4 to 8 cm) high around its perimeter.
Special care must be taken when planting bareroot seedlings. Exposing bare seedling roots to warm temperatures or dry air at any time prior to planting can severely damage the seedlings. Leave bareroot seedlings in storage, keeping them damp and cool, until they are ready to be placed in the ground. Always follow the nursery's storage recommendations if the seedlings are not planted soon after purchase.
Helping Seedlings Become Established
The planting of tree seedlings or seeds, as opposed to natural regeneration of trees, has historically been called artificial regeneration by foresters. With this in mind,
there are a number of treatments, some rather artificial in appearance, that are commonly used to help planted seedlings become established. Major obstacles to seedling establishment include competition from other vegetation, damage from wildlife, and insufficient soil water before roots become fully established.
Vegetative Competition
Virtually every planted seedling will be negatively affected to some extent by Anchor the edge of the synthetic mulch firmly to the ground with landscape staples or rocks. A potential disadvantage of weed mats is that they can be a favored habitat for voles (Microtus spp.), which may damage seedlings. Where voles are a problem, tree shelters or other seedling protection should be used (see "Protection from Rodents" section).
Seedlings will benefit from any size mulch, but mulch that extends at least 2 feet (60 cm) from the seedling in all directions (i.e., 4 feet [122 cm] in diameter) is ideal, as it suppresses most competition and reduces the likelihood that tall grasses and other plants will overtop the seedling. A field of large plastic mats is, however, visually unattractive to some people, and they may choose to cover synthetic mulch with organic materials or to use only organic mulch instead. The combination of synthetic and organic mulch is popular for landscaping and effective, but it may be prohibitively expensive in large-scale plantings. If purchasing synthetic mulch, it is usually more cost-effective to obtain it from the manufacturer or from a forestry or landscaping supply company rather than from a retail outlet.
In contrast to mulching, manual removal of competing vegetation requires little material cost but usually involves a significant amount of labor. Before planting, use a hand tool such as a hoe or pulaski to remove all vegetation from a circular area 3 to 4 feet (91 to 122 cm) in diameter. Ensure that the thicker roots, especially of grasses, are removed to reduce the likelihood of sprouting. After the area is cleared, plant the seedling in the center. Followup weeding, at least once per year, is beneficial on most sites. 
Protection From Browse
Tree shelters are commonly used to protect seedlings from a variety of animal damages including browse by deer, elk, or cattle, and clipping by rabbits. If the base of the shelter is buried in the soil, it also may help protect the seedling from burrowing rodents. On many sites, the likelihood of animal browse makes tree shelters a necessity. Solid-walled plastic tree shelters have an additional benefit: they almost always increase the height growth rate of seedlings during their first few years after planting ( fig. 10 ). This is beneficial in that the seedlings more quickly grow above the reach of animals.
There are a wide variety of tree shelters commercially available. In selecting a shelter for oak seedlings, there are several key points to remember. First, the shelter should be tall enough to allow the seedling to "escape" most animal damage. For example, in a 3-foot (91-cm)-tall shelter, the seedling may grow well for its initial 3 feet, but it then may be browsed by deer for several years after it emerges from the top. Although solid-walled shelters increase the rate of seedling height growth, stem diameter growth is not increased, and the result is a tall, spindly seedling. This effect is even greater with very tall shelters (i.e., 5 feet [152 cm]). Thus, the seedlings usually require the continued support of the tree shelter for a few years after they emerge from the top of the shelter ( fig. 12 ). One solution The type of stake used to keep the tree shelter upright is an important decision.
Generally, the longer lasting stakes are more expensive but have lower maintenance and replacement costs. The stake should be long enough to extend at least 1 foot (30 cm) beneath the soil surface, and the aboveground portion should be nearly as tall, or taller than the shelter. Secure the shelter to the stake at the bottom and top.
Bamboo stakes are inexpensive, but they will rot over time, and two bamboo stakes are needed to secure heavier shelters. Wooden stakes, particularly those made of hardwood, last longer than bamboo. Metal fenceposts or rebar are expensive but Figure 12 -After removal of the solid-walled tree shelter, it was apparent that this tall, slender oak seedling lacked normal branch development of a seedling its size. Seedlings like this one require the continued support of a tree shelter for 2 or 3 more years while the stem thickens and branches develop above the top of the shelter. also are extremely durable and reusable. Consider the amount of wind that the site receives; solid-walled shelters catch the wind more than mesh shelters and thus put more strain on the stake. Round, lightweight garden stakes tend to work themselves loose from the ground over time if they are used to support solid-walled shelters.
For protection from animal browse, an alternative to tree shelters is animal repellant. Several commercial options are available. Repellants must be applied in spring and summer as soon as any new growth is present because young leaves are most palatable to deer and elk.
Protection From Rodents This material is designed to decompose over time; heavier-weight plastic mesh or wire mesh does not decompose and must be removed before root growth becomes constricted. 
Fertilization
Although fertilization substantially increases the growth rate of potted seedlings, fertilization after planting often does not result in a growth increase. Availability of soil water is generally a more important factor than nutrients. If fertilizer, either manufactured or organic, is used after planting, it should be applied in late spring or early summer and placed close to the seedling at the manufacturer's recommended rate.
Oaks From Sprouts
Oregon white oak trees often originate from stump sprouts, and root sprouts also have been reported. If oak trees are growing in a ring or in a tight clump, that is an indication that they probably originated as sprouts from a single stump. Stump sprouts usually appear when an existing tree has been cut or severely damaged ( fig. 14). Because sprouts grow from an existing root system, they have a substantial advantage over seedlings grown from acorns. Growth rates of sprouts are usually much faster than those of planted seedlings. Thus, if sprouts are present on a site, they offer the fastest route to establishing oak trees. Given their existing root systems, they can usually outcompete other vegetation, although browse damage is a possible threat.
In some cases, oak saplings or young trees are inadvertently damaged during restoration activities. We have found that when small, badly damaged trees are cut near the base, they usually form vigorous sprouts that grow more rapidly than the original tree had been growing. After the damaged tree is removed, the water and nutrients taken up by the root system are diverted to the new sprouts. When a cluster of sprouts is several years old and one or two of the sprouts are clearly dominant, the less vigorous sprouts may be pruned off.
After Planting
Maintaining Oak Plantings
Visiting each seedling at least once per year is important for maintenance.
These visits may include the following activities:
• Remove any competing vegetation that has established very close to seedlings.
• Ensure that tree shelters are upright, stable, and likely to remain so for another year.
Figure 15-After the initial establishment period, oak growth rates increase significantly. These trees were planted 8 years ago.
• Check that new seedling shoot growth, particularly the terminal shoot (or "leader"), is not ensnared in the wall of the tree shelter. This is a common problem, especially for narrow shelters and shelters with mesh walls. For each seedling, verify that the terminal shoot is pointing upward.
• Maintain mulch that has been disturbed or damaged. The effectiveness of mulch or other competition control treatments will gradually deteriorate over time, but the seedlings' need for competition control also will decline.
However, sometimes quick repairs or maintenance can prolong the lifespan of the vegetation control treatment.
• Check for animal damage. Browse damage by deer or elk is easy to assess, but rodents may damage the seedling stem belowground. If a seedling is in poor health for no obvious reason, gently tug on the stem. The seedling will come out of the ground easily if the stem or roots have been severed belowground. Unanticipated animal damage may require additional seedling protection measures, such as those described in the earlier section. A variety of insects may feed on or otherwise damage oak seedlings, although in many cases the damage is not severe enough to seriously impact seedling health and survival. State or provincial agricultural extension agents provide pest identification services.
• Apply additional fertilizer if desired (in late spring or early summer).
Growth Rates
Early growth of planted oak seedlings is often unimpressive because seedlings allocate more of their resources to development of root systems than to stem growth.
It is not unusual for some seedlings to grow less than 3 inches (8 cm) in height annually during the first year or two after planting. However, during the second to fourth years postplanting, seedling growth rates usually begin to increase, and the amount of annual growth becomes more consistent ( fig. 15 ).
Growth rates differ widely among sites and among seedlings planted on the same site. Assuming they are receiving full sunlight, growth rate is positively related to the amount of soil water available to seedlings during the summer.
Vegetation control increases soil water availability to some extent, but the amount of soil water is heavily influenced by factors such as soil texture, precipitation patterns, and hydrology. Soil properties may differ over small distances, and some seedlings grow significantly faster than other seedlings planted nearby. Although early growth rates are quite variable, even within the same site, this variation decreases over time after the seedlings become established. This is a very detailed guide with information that is also applicable to the Pacific Northwest. Available through University of California Agriculture and Natural Resources at http://anrcatalog.ucdavis.edu/.
Cost-Share Programs
